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(54) Single phase line start permanent magnet synchronous motor 



(57) A single phase line start permanent magnet 
synchronous motor is started by an interaction between 
magnetic fields of the coil and of the secondary conduc- 
tor, and an normal operation can be performed using 
only the permanent magnet and the operating condens- 
er of small capacity, only the main coil, or only the op- 
erating condenser when the synchronous rotating 



speed is reached and the rotation is started, and there- 
fore an additional direct current supplying device for 
supplying the direct current and the position sensor for 
sensing the rotational position of the rotor can be ex- 
cluded, the structure can be made compactly by con- 
structing the driving circuit simply, and manufacturing 
cost can be reduced. 



FIG. 5 
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Description 

[0001 ] The present invention relates to a single phase 
line start permanent magnet synchronous motor, and 
particularly, to a single phase line start permanent mag- 
net synchronous motor by which a driving efficiency can 
be improved, a structure can be compact, and a manu- 
facturing cost can be reduced. 

[0002] Generally, a brushless direct current motor is 
used as a fan motor for a refrigerator, a microwave oven, 
a humidifier, and a small electric fan because the brush- 
less direct current motor has a simple structure and 
costs a little. 

[0003] The brushless direct current motor has rela- 
tively higher efficiency than that of an alternating current 
motor, a speed of the motor can be changed by control- 
ling an applied electric power, and has high reliability 
and long life span. 

[0004] Figure 1 is a partially cross-seclional view 
showing a conventional brushless direct current motor 
in longitudinal direction, Figure 2 is a rear elevation view 
showing the conventional brushless direct current mo- 
tor, and Figure 3 is a front view showing a stator core of 
the conventional brushless direct current motor. 
[0005] As shown therein, the brushless direct current 
motor comprises: a rotor 111 ; a stator 121 for receiving 
the rotor 1 1 1 with a certain air gap therebetween; a PCB 
(Printed Circuit Board) 136 for forming a drive circuit; 
and a PCB cover 137 coupled to one side of the stator 
121 for receiving the PCB 136. 

[0006] The rotor 111 is formed to have circular cross 
section using a permanent magnet, and a rotary shaft 
112 is coupled to the shaft of the rotor 111 as a single 
body. 

[0007] In addition, a pair of bearing housings 113 in- 
cluding bearings 1 1 5 for supporting the rotary shaft 1 1 2 
are coupled to both sides of the rotor 111 along with a 
direction of shaft line of the rotary shaft 112. 
[0008] Also, as shown in Figures 1 and 3, the stator 

121 comprises: a first stator core 122 including a first 
pole-shoe 123 and a second pole-shoe 125, which are 
facing each other with a predetermined air gap, formed 
as a single body; a second stator core 1 32 coupled to 
one side of the first stator core 122 as a single body; 
and a bobbin 133, on which a coil 135 is wound a plu- 
rality of times, coupled in an inner space 138 formed by 
coupling the first stator core 122 and the second stator 
core 132 as penetrating the inner space 138. 

[0009] In addition, the first stator core 122 and the 
second stator core 132 are fixed and coupled as a single 
body with each other by insulatingly stacking a plurality 
of steel sheets. And a first detent groove 127 and a sec- 
ond detent groove 129, which are apart from an outer 
diameter surface in a radial direction, and extended as 
a predetermined width via a circumferential direction for 
starting the rotor 111, are formed on the first stator core 

122 respectively 

[0010] On the other hand, a PCB cover 137 for receiv- 



ing the PCB 136 is disposed on one side of the bobb:n 
133 via the rotary shaft line direction of the rotor 111, 
and a sensor receiving part 1 39 is formed on the PCB 
cover 1 37 so as to rece ve and support a position sensor 
5 (not shown) which is disposed between the bobbin 1 33 
and the rotor 1 1 1 for sensing a rotary posit on of the rotor 
111 (see Figure 1). 

[001 1 ] In the above brushless direct current motor, the 
first detent groove 127 and the second detent groove 
129 are formed on the first pole-shoe 123 and on the 
second pole-shoe 125 so that the rotor 111 is not dis- 
posed on a position where an electric torque is zero for 
starting the rotor 111 . However, the air gap is enlarged 
by forming the detent grooves, and then an effective 
magnetic flux is reduced and an efficiency of the motor 
is lowered. 

[0012] Also, an additional direct current supplying de- 
vice (not shown) which has a large volume and costs 
high should be disposed in order to drive the motor mak- 
ing the utility alternating current as an input power, and 
a drive circuit for driving the rotor 111 and the position 
sensor (not shown) for sensing the position of the rotor 
111 are should be included, a volume and price of the 
motor are increased. 

SUMMARY OF THE INVENTION 

[0013] Therefore, an object of the present invention is 
to provide a single phase line start permanent magnet 
synchronous motor by which a driving efficiency of the 
motor can be improved, a structure of the motor is com- 
pact, and a manufacturing expense can be reduced. 
[0014] To achieve the object of the present invention, 
as embodied and broadly described herein, there is pro- 
vided a single phase line start permanent magnet syn- 
chronous motor comprising: a rotary shaft; a rotor core 
coupled on outer circumferential surface of the rotary 
core so as to be rotatable; a plurality of permanent mag- 
nets fixedly inserted into the rotor core in rotary shaft 
direction and disposed so as to be apart from each other 
in circumferential direction; a rotor including a second- 
ary conductor fixedly inserted between protruded parts 
of the rotor core in rotating shaft line direction; a stator 
located on an outer circumferential surface of the rotor 
with a predetermined air gap therebetween; bearings for 
supporting both end parts of the rotary shaft in shaft line 
direction of the rotary shaft so as to support the rotary 
shaft; a first housing, through which the rotary shaft is 
penetrated, coupled to the outer circumferential surface 
of the stator for receiving bearing on one side among 
those bearings; and a second housing, through which 
the rotary shaft penetrates, coupled on one side of the 
first housing for receiving the bearing on the other side 
among the bearings. 

[0015] The foregoing and other objects, features, as- 
pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 
scription of the present invention when taken in conjunc- 
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tion with the accompanying drawings. 
[0016] The accompanying drawings, which are in- 
cluded to provide a further understand ng of the inven- 
tion and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention 
and together with the description serve to explain the 
principles of the invention. 
[0017] In the drawings: 

Figure 1 is a partially cross-sectional view showing 
a conventional brushless direct current motor in a 
shaft direction; 

Figure 2 is a rear elevation view showing the con- 
ventional brushless direct current motor; 
Figure 3 is a front view showing a stator core in the 
brushless direct current motor shown in Figure 1 ; 
Figure 4 is a cross-sectional view showing a single 
phase line start permanent magnet synchronous 
motor according to an embodiment of the present 
invention; 

Figure 5 is a plan view showing a stator and a rotor 
shown in Figure 4; 

Figure 6 is a perspective view showing the rotor 
shown in Figure 5; 

Figure 7 is a perspective view showing an example 
of coupling a secondary conductor to the rotor 
shown in Figure 6; 

Figure 8 is a perspective view showing an example 
of that a secondary conductor is coupled to a rotor 
according to another embodiment of the present in- 
vention; 

Figure 9 is a plan view showing an another embod- 
iment for the rotor in the single phase line start per- 
manent magnet synchronous motor according to 
the present invention; 

Figure 1 0 is a schematic view showing a coil wound 
state in the single phase line start permanent mag- 
net synchronous motor according to the present in- 
vention; 

Figure 1 1 is a schematic view showing a wiring state 
of a coil in the motor according to the present inven- 
tion: 

Figure 12 is a schematic view showing an another 
wiring state of a coil in the motor according to the 
present invention; and 

Figure 13 is a schematic view showing a still anoth- 
er wiring state of a coil in the motor according to the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[001 8] Reference will now be made in detail to the pre- 
ferred embodiments of the present invention, examples 
of which are illustrated in the accompanying drawings. 
[0019] Figure 4 is a cross-sectional view showing a 
single phase line start permanent magnet synchronous 
motor according to an embodiment of the present inven- 



tion, Figure 5 is a plan view showing a stator and a rotor 
snown in Figure 4, Figure 6 is a perspective view show- 
ing the rotor shown in Figure 5, and Figure 7 is a per- 
spective view showing an example that a secondary 
5 conductor shown in Figure 5 is coupled to the rotor. 
[0020] According to an embodiment of the present in- 
vention, the single phase line start permanent magnet 
synchronous motor comprises: a rotary shaft 32; a rotor 
31 coupled to an outer circumferential surface of the ro- 
10 tary shaft 32 so as to be rotatable a stator 11 located 
on an outer circumferential surface of the rotor 31 with 
a predetermined air gap therebetween; bearings 33 
supporting both end parts of the rotary shaft 32 via a 
shaft line direction of the rotary shaft 32 so as to support 
'5 the rotary shaft 32; a first housing 35, through which the 
rotary shaft 32 penetrates, coupled on an outer circum- 
ferential surface of the stator 11 for receiving a bearing 
on one side between the bearings 33; a second housing 
37, through which the rotary shaft 32 penetrates, cou- 
20 pied on one side of the first housing 35 for receiving an- 
other bearing on the other side between the bearings 33. 
[0021] As shown in Figures 4, 5, 6, and 7, the rotor 31 
comprises: a rotorcore43 having a plurality of protruded 
parts 46 on outer circumferential surface; a plurality of 
25 permanent magnets 45 having square cross-sections 
inserted and coupled to the rotor core 43 along with ro- 
tary shaft line direction and apart from each other in cir- 
cumferential direction; and a plurality of secondary con- 
ductors 47 coupled between the protruded parts 46 of 
30 the rotor core 43 as a single body. 

[0022] A shaft hole 44 is formed at a center part of the 
rotor core 43 so as to receive the rotary shaft 32, and a 
plurality of permanent magnet receiving parts 48 having 
square cross sections are formed near an inner side of 
35 the outer circumferential surface in radial direction from 
the shaft hole 44 so as to receive the permanent mag- 
nets 45. 

[0023] In addition, the rotor core 43 is formed by 
stacking a plurality of steel sheets having shaft hole 44 
at center parts so as to receive the rotary shaft 32 and 
coupling the sheets using a rivet 50. 
[0024] In addition, as shown in Figure 5, the perma- 
nent magnet receiving part 48 is formed to correspond 
to the cross section shape of the permanent magnet 45, 

«5 that is, square cross section, and disposed near the out- 
er circumferential surface of the rotor core 43 as 90° 
phase so as to make a square structure in Figure. 
[0025] In addition, the respective permanent magnet 
receiving part 48 includes an empty space of triangular 

so or square shape for preventing magnetic flux from leak- 
ing formed on an intersection. A link 51 and a web 52 
are formed between the respective triangular or square 
spaces, and these are formed as a single body with the 
rotor core 43. 

55 [0026] As shown in Figure 7, the secondary conductor 
47 which is made using a material having higher con- 
ductivity formed as a cylinder having a plurality of slots 
53 on an outer circumferential surface in a radial direc- 
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tion, and one sides of the slots 53 are connected and 
the other sides are opened so as to receive the respec- 
tive protruded parts 46 of the rotor core 43 inside the 
respective slots 53. 

[0027] in addition, two secondary conductors 47 are 
disposed in order to coupled to the rotor core 43 along 
with the rotary shaft direction from upward and from 
dowrward, and these are formed as a single body with 
each other using a method such as welding after cou- 
pling 

[0028] Also, as shown in Figure 8, the secondary con- 
ductor 47 may be formed as a plane surface on which 
slits 49 having sides connected to each other and inner 
sides in which the protruded parts of the rotor core 43 
can be inserted by a press processing are formed. This 
another example ot the secondary conductor AT is 
rolled along with the outer circumferential surface of the 
rotor core 43 and coupled to the rotor core 43. In addi- 
tion, it is desirable that the secondary conductor47 and 
47' is made using one of aluminum or brass. 
[0029] On the other hand, as shown in Figures 4 and 
5, the stator 11 comprises: a stator core 13 of circular 
ring shape having a larger outer diameter than the inner 
diameter of the first housing 35 so as to be coupled in- 
side the first housing by a method such as pressing; a 
plurality of bobbins 25 coupled to outer side of the stator 
core 1 3; and a coil 27 wound a plurality of times on outer 
side of the bobbin 25. 

[0030] In addition, the stator core 13 includes a yoke 
part 1 4a formed by insulatingly stacking steel sheets of 
circular reel shape and fixedly coupling the sheets using 
a rivet 23; and a plurality of teeth parts 14b formed by 
insulatingly stacking steel sheets of predetermined 
shape and coupled as a single body by a rivet 24, and 
protruded to central direction in a radial direction in the 
yoke part 1 4a and apart from each other in a circumfer- 
ential direction. 

[0031] Also, a plurality of projection receiving parts 15 
are formed on inner circumferential surface of the yoke 
part 14a as depressed in a radial direction, and projec- 
tion parts 17 formed on the teeth part 14b are coupled 
to the projection receiving parts 15 by a method such as 
press fitting. 

[0032] In addition, pole parts 19 having a predeter- 
mined degree of curvature so as to be located with a 
predetermined air gap with the outer circumferential sur- 
face of the rotor and extended to the width direction 
along with the outer circumferential surface of the rotor 
31 are formed on opposite both sides of the projection 
part 1 7 on the teeth part 14b, and a notch part 21 , which 
is depressed outwardly in a radial direction of the rotor 
31 and extended via the rotary shaft line direction of the 
rotary shaft 32 during stacking the steel sheets, is 
formed at center part of the respective pole part 19. 
[0033] In addition, the plurality of bobbins 25 corre- 
sponding to the plurality of teeth parts 14b are coupled 
to outer side of the respective teeth parts 14b, and coils 
27 are wound a plurality of time on outer circumferential 



surfaces of the bobbins 25. In addition, respective 
wou^.d coils 27 are electrically connected to a circuit 
substrate 29 for wiring which is coupled to one side of 
the stator 1 1 via the rotary shaft line direction of the rotor 

5 31 , respectively. 

[0034] In addition, the first housing 35 of cylindrical 
shape with one end opened comprises: a bearing re- 
ceiving part 39 at center part on which a stepped part 
(not defined by a reference numeral) is formed so as to 

10 receiving the bearing 33; and a through hole (not defined 
by a reference numeral) for passing through the rotary 
shaft 32. 

[0035] In addition, the second housing 37 is formed 
to have a cap shape so as to cover the opened part of 

15 the first housing 35, and a bearing receiving part 41 on 
which a stepped part (not defined by a reference numer- 
al) is formed so as to receive the bearing 33 is disposed 
at center part of the second housing 37. 
[0036] Hereinafter, another embodiment for the single 

20 phase line start permanent magnet synchronous motor 
according to the present invention will be described as 
follows. 

[0037] As shown in Figure 9, according to another em- 
bodiment of the present invention, a rotor comprises: a 

25 squirrel type secondary conductor receiving part 142 
penetrating in rotary shaft line direction so as to receive 
a secondary conductor (not shown) of squirrel type 
cross section, and disposed to be apart from each other 
in circumferential direction; a permanent magnet receiv- 

30 jng part 148 formed on inner side of the squirrel type 
conductor receiving part 142 so as to receive a perma- 
nent magnet 145; a rotor core 143 having a shaft hole 
144 formed at center part so as to receive the rotary 
shaft 32; a secondary conductor (not shown) having 

35 squirrel type cross section formed on the squirrel type 
conductor receiving part 142 so as to be inserted in a 
rotary shaft line direction; and a convex type permanent 
magnet 145 having roughly square cross section and 
one side of arc shape toward an inner side of the rotor 

40 core 143. 

[0038] The rotor core 1 43 is formed by stacking a plu- 
rality of steel sheets having that shape of the rotor core 
1 43 and fixedly coupling the sheets, and the permanent 
magnet receiving part 148 is formed so that a circum- 

45 f erential part on arc shape of the permanent magnet fac- 
es the rotary shaft 32. 

[0039] On the other hand, Figure 10 is a schematic 
view showing a wiring state of the coil in the single phase 
line start permanent magnet synchronous motor ac- 

50 cording to the present invention, and Figure 11 is a sche- 
matic view showing an example of winding state in the 
motor according to the present invention. 
[0040] As shown therein, the coil 27 of the stator 11 
includes a main coil 28a and a sub coil 28b having a 

55 plurality of coil parts M1-M4, and S1--S4 which are 
wound on the respective teeth parts 1 4b and connected 
to the electric source parallelly with each other. 
[0041] The respective coil parts M1 ~M4, and S1 — S4 
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a plurality of squirrel type secondary conductor 
receiving parts penetrating tn shaft line direc- 
tion of the rotary shaft and disposed to be apart 
from each other in circumferential direction; 
a secondary conductor (not shown) having 5 
squirrel type cross section formed to be insert- 
ed into the squirrel conductor receiving parts 
along with the rotary shaft line, 
a permanent magnet receiving part formed in- 
side the squirrel type conductor receiving parts 10 
so as to receive the permanent magnet; and 
a convex type permanent magnet inserted and 
coupled to the rotor core along with the rotary 
shaft line direction and having a cross section 
of a circumferential part on one side formed as '5 
an arc facing the inner side of the rotor core. 



which are wound on a bobbin coupled to an out- 
er circumferential surface of the teeth parts with 
90° of electric phase difference along with a 
boundary of the stator and series connected 
with each other; and 

a sub coil including a plurality of coil parts which 
are disposed between the respective coil parts 
of the mair coil along with the circumferential 
direction of the stator and series connected with 
each other, and paralieliy connected to the 
main coil. 

17. The motor of claim 16, further comprising an oper- 
ating condenser electrically connected between the 
main coil and the sub coil for driving and operating 
the rotor. 



18. The motor of claim 1 6, further comprising: 

20 a starting condenser having one end electrical- 

ly connected to the main coil and the other end 
electrically series connected to the sub coil; 
and 

an automatic power cutting means series con- 
25 nected between the starting condenser and the 

sub coil for automatically cutting the power of 
the starting condenser. 

19. The motor of claim 1 6, further comprising: 

30 

an operating condenser electrically connected 
between the main coil and the sub coil; 
a starting condenser having one end electrical- 
ly connected between the main coil and the op- 
35 erating condenser, and the other end electrical- 

ly connected between the operating condenser 
and the sub coil; and 

an automatic power cutting means series con- 
nected between the starting condenser and the 
40 sub coil for automatically cutting the power of 

the starting condenser if the speed of the rotor 
is reached to a predetermined speed after the 
rotor is operated. 



10. The motor of claim 9, wherein the permanent mag- 
net receiving part is formed to have an inner circum- 
ferential part of arc shape in a radial direction so 
that the arc shape of the permanent magnet is dis- 
posed facing the rotary shaft. 

11. The motor of claim 1 , wherein the stator core com- 
prises: 

a plurality of yoke parts having circular ring 
shapes; and 

a plurality of teeth parts coupled to inside of the 
yoke parts so as to be protruded in radial direc- 
tion and apart from each other in circumferen- 
tial direction, 

12. The motor of claim 11, wherein at least one notch 
part which is depressed in radial direction and ex- 
tended in rotary shaft line direction is formed on end 
part of the teeth part along with the protruded direc- 
tion. 

13. The motor of claim 11, wherein a projection part 
which is protruded toward other contact surface is 
formed on contact surfaces of the yoke parts and 
the teeth parts; and 

a projection receiving part is formed on the 
other between the yoke part and the teeth part de- 
pressed so as to receive the projection part. 

14. The motor of claim 13, wherein the projection part 
is press fitted and coupled into the projection receiv- 
ing part. 



20. The motor of claim 16, wherein the respective coil 
parts, and of the main coil and the sub coil are con- 
centratively wound on the bobbin coupled to the 
outer circumferential surfaces of the respective 
teeth parts. 



15. The motor of claim 1 further comprising a circuit 
substrate for wiring coupled to one side of the stator 
for wiring of the coil. 

55 

16. The motor of claim 1 , wherein the coi' comprises: 

a main coil including a plurality of coil parts 
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of the main coil 28a and the sub coil 28b are formed as 
so called "concentrated winding" that is, the coil is con- 
centratively wound on the outer circumferential surface 
of the bobbin 25 coupled to the respective teeth parts 
14b, and these are formed to have 90° electrcal phase 
difference with each other. 

[0042] In addition, an operating condenser Cr is se- 
ries connected to an end of the main coil 28a and an 
end of the sub coil 28b, and a starting condenser Cs and 
a PTC (Positive Temperature Coefficient) thermistor are 
connected between the end part of the main coil 28a 
and the operating condenser Cr so as to be series con- 
nected with each other. And the other end of the PTC 
thermistor is connected between the operating con- 
denser Cr and the sub coil 28b. 

[0043] On the other hand, the PTC thermistor is dis- 
posed as a switch for cutting the electric source of the 
starting condenser Cs in Figures, however, a centrifugal 
switch, which can cut the electric power of the starting 
condenser Cs when the rotor 31 reaches to a predeter- 
mined speed, may be used. 

[0044] Hereinafter, constructing for the single phase 
line start permanent magnet synchronous motor as de- 
scribed above will be described as follows. 
[0045] To begin with, the rotary shaft 32 is coupled to 
the shaft center of the rotor 31 , and the bearings 33 are 
coupled to a predetermined positions on both sides of 
the rotor 31. 

[0046] In addition, the above assembly is pushed into 
the first housing 35 in which the stator 11 is pressed and 
coupled on a predetermined position inside so that the 
rotary shaft 32 is passed through the through hole (not 
defined by a reference numeral) formed on the first 
housing 35, and after that, the bearing 33 coupled on 
one side of the rotor 31 is press-fitted into the bearing 
receiving part 39 which is formed on one side of the first 
housing 35. 

[0047] After that, the opposite bearing 33 coupled to 
the rotor 31 is press fitted into the bearing receiving part 
41 of the second housing 37, then the second housing 
37 completely covers the opened part of the first housing 
35. And then, the assembling processes are completed. 
[0048] Hereinafter, operations of the single phase line 
start permanent magnet synchronous motor construct- 
ed as above will be described as follows. 
[0049] During starting the motor, when a single phase 
alternating power, that is, a large starting current is ap- 
plied to the coil 27 through the starting condenser Cs 
and the operating condenser Cr which are series con- 
nected to the sub coil 28b, a large starting rotate mag- 
netic field is generated. At the same time, an induced 
voltage is generated on the secondary conductor 47 of 
the rotor 31 by the rotate magnetic field, and then a large 
starting torque is generated between a rotary magneto- 
motive force by the coil 27 and the current generated by 
the organic voltage, whereby a torque is generated as 
in an induction motor and the rotor 31 is reached near 
a synchronous rotational revolution(rpm). 



[0050] At that time, the PTC thermistor flows electric 
current to the coil 27 until the synchronous rotational 
revolution(rpm), that is. a synchronous speed is nearly 
reached, and then a resistance of the PTC thermistor is 
5 increased by heat generation of its own, then the current 
value is decreased and the circuit is opened, whereby 
the current flowing on the starting condenser Cs is bro- 
ken. 

[0051 ] Accordingly, the motor is operated as a prede- 
*0 termined synchronous speed using only the operating 
condenser Cr, the main coil 28a, and the sub coil 28b in 
the rotor 31 with high efficiency. 

[0052] Hereinafter, an example of another wiring state 
of the coil in the motor according to the present invention 

'5 will be described as follows. 

[0053] As shown in Figure 12, the coil 27 comprises 
a main coil 28a and a sub coil 28b connected paratlelly 
with each other and having a plurality of coil parts 
M1~M4, and S1—S4 which are series connected with 

20 each other. In addition, the operating condenser Cr and 
PTC thermistor are respectively series connected to 
ends of the main coil 28a and the sub coil 28b. 
[0054] According to the above structure, when a com- 
mercial alternating electric power is applied to the coil 

25 27, the electric power is applied to the sub coil 28b 
through the starting condenser Cs and the PTC thermis- 
tor, and therefore a large starting rotate magnetic field 
is generated and the rotor 31 are rotated centering 
around the rotary shaft 32. 

30 [0055] In addition, the rotating speed of the rotor 31 
is approached near the synchronous speed, the PTC 
thermistor opens the circuit since the resistance is in- 
creased by heat generation of its own and the current 
value is decreased. And accordingly, the rotor 31 is op- 

35 erated as a predetermined synchronous speed using 
only an alternating magnetic field generated on the main 
coil 28a with high efficiency. In this case, a power con- 
sumption can be reduced because the input current val- 
ue is not consumed in the sub coil 28b. 

40 [0056] Hereinafter, still another example of wiring 
state of coil in the motor according to the present inven- 
tion will be described as follows. 

[0057] As shown in Figure 13, the coil 27 comprises 
a main coil 28a and a sub coil 28b paralleily connected 
^5 with each other and having a plurality of coil parts 
M1--M4, and S1~~ S4 which are series connected with 
each other, and an operating condenser Cr' is series 
connected to ends of the main coil 28a and the sub coil 
28b. 

so [0058] Herein, the operating condenser Cr' has rela- 
tively larger capacity than that of the previous operating 
condenser Cr so that the starting and operating can be 
made without additional starting condenser Cs and the 
PTC thermistor, and has relatively smaller capacity than 

55 that of the starting condenser Cs. 

[0059] In that case, a high efficiency operation can be 
made as a predetermined synchronous speed using on- 
ly the operating condenser Cr* without additional PTC 
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theremistor and the starting condenser Cs, and the 
structure of driving circuit is simple and costs low ex- 
penses. 

[0060] Operations and effects of the single phase line 
start permanent magnet synchronous motor according 
to the present invention will be described as follows. 
[0061] An initial starting of the motor is started by an 
interaction between magnetic fields of the coil and of the 
secondary conductor, and an normal operation can be 
performed using only the permanent magnet and the op- 
erating condenser of small capacity, only the main coil, 
or only the operating condenser when the synchronous 
rotating speed is reached and the rotation is started, and 
therefore an additional direct current supplying device 
for supplying the direct current and the position sensor 
for sensing the rotational position of the rotor can be ex- 
cluded, the structure can be made compactly by con- 
structing the driving circuit simply, and manufacturing 
cost can be reduced. 

[0062] Also, the detent groove is formed for driving 
and the air gap is increased in the conventional brush- 
less direct current motor, however, the detent groove is 
not formed and the efficiency can be improved accord- 
ing to the present invention. 

[0063] As the present invention may be embodied in 
several forms without departing from the spirit or essen- 
tial characteristics thereof, it should also be understood 
that the above-described embodiments are not limited 
by any of the details of the foregoing description, unless 
otherwise specified, but rather should be construed 
broadly within its spirit and scope as defined in the ap- 
pended claims, and therefore all changes and modifica- 
tions that fall within the metes and bounds of the claims, 
or equivalence of such metes and bounds are therefore 
intended to be embraced by the appended claims. 



Claims 

1. A single phase line start permanent magnet syn- 
chronous motor comprising: 

a rotary shaft; 
a rotor including: 

a rotor core coupled to an outer circumfer- 
ential surface of the rotary shaft so as to be 
rotatable; 

a plurality of permanent magnets inserted 
into the rotor core in rotary shaft line direc- 
tion and apart from each other in circum- 
ferential direction; and 
a secondary conductor inserted and cou- 
pled between protruded parts of the rotor 
core in rotary shaft line direction; 

a stator located on an outer circumferential sur- 
face of the rotor with a predetermined air gap 



therebetween; 

bearings supporting both end parts of the rotary 
shaft in shaft line direction of the rotary shaft so 
as to support the rotary shaft; 

5 a first housing, through which the rotary com- 

pressor penetrates, coupled to an outercircum- 
ferential surface of the stator for receiving a 
bearing on one side between the bearings: and 
a second housing, through which the rotary 

10 compressor penetrates, coupled to one side of 

the first housing for receiving a bearing on the 
other side between the bearings. 

2. The motor of claim 1 , wherein the rotor core further 
15 comprises a permanent magnet receiving part so 

as to receive a permanent magnet in shaft line di- 
rection of the rotary shaft. 

3. The motor of claim 1 , wherein the secondary con- 
20 ductor has one side connected and the other side 

opened so that a plurality of slots corresponding to 
a plurality of protruded parts on the rotor core can 
be f ormed on an outer circumferential surface of the 
secondary conductor. 

25 

4. The motor of claim 3, wherein the secondary con- 
ductor is coupled from both sides of the rotor core 
along with shaft line direction of the rotor core, and 
integrated by a coupling means such as a welding. 

30 

5. The motor of claim 1 , wherein side surface of the 
secondary conductor is connected by a process 
such as press processing and slits are formed in- 
side the secondary conductor so that the protruded 

35 parts of the rotor core can be inserted therein. 

6. The motor of claim 5, wherein the secondary con- 
ductor is formed by soft material having high elec- 
trical conductivity and rolled on the outer circumf er- 

^o ential surface of the rotor core, and a coupled sur- 
face is integrated by a coupling means such as a 
welding. 

7. The motor of claim 1 , wherein the permanent mag- 
45 net is formed to have square cross section. 

8. The motor of claim 1 , wherein the permanent mag- 
net is formed so that one circumferential part is an 
arc shape when cutting across the rotary shaft line 

so direction, and the permanent magnet receiving part 

is formed so that the circumferential part of arc 
shape faces the rotary shaft when the permanent 
magnet is received. 

55 g. The motor of claim 1 , wherein the rotor comprises: 

a rotor core coupled to an outer circumferential 
surface of the rotary shaft so as to be rotatable; 
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